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(54) Sensors for the determination of organometallic compounds 



(57) Sensors for the determination of organometal- 
lic compounds, e.g. n-butyl lithium, comprise the follow- 
ing elements: 

a) an inorganic, organic or polymeric support, insol- 
uble in the sample to analyze 

b) an indicator which reversibly reacts with the orga- 
nometallic compound and whose reaction product 
gives a characteristic absorption, reflection or emis- 
sion band in the range 150-15000nm, e.g. 
1,10-phenanthroline and derivatives, triphenyl- 
methane, or N-[2-(4-hydroxybenzyl)phenyl]- 
2,2-dimethylpropanamide, and which is physically 
trapped, adsorbed, absorbed, dissolved or chemi- 



cally linked in an electrostatic orcovalent way to the 
support 

c)an optical sensor which measures the absorption, 
reflection or emission of the f unctionalized support 
at the characteristic wavelength and transforms it in 
the concentration of the organometallic present in 
the solution. 

Also described is the method for the determination of 
the concentration of organometallic compounds by the 
on line use of a sensor in anionic polymerizations. - 
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BACKGROUND OF THE INVENTION 

diphenyl acetic acid as colorimetric indicator ' " 9 ' Ch6m - 1976 ' 41 ■ 1879 J describe "se of 

2603), and 1 -pyreneacetic acid Kiljumen H H^\* n ^' ' Cruz - Sanchez - J-8.; J.Org. Chem. 1983, 48 
molecuies for the titration of SSSS^S^JSS^ '™ \ **' ^ Used as indicat ° 

the formation of visualfy d-«J!iJiS^^^ trtrat '° n ° f or 9 a " 0,ithi ^ agents, resulting in 

by Suffert [Suffert, J, J.Org.Chem. 198 54 ^oro^n w ^"T ■ ^ ,S,S,heCaSe ° ftheprocedured ^*ed 
as indicator dyes. ' ' 9J pr ° P ° S,n9 ^P' v aloyl-o-toluidine and/or A/-pivaloyl-o-benzyl aniline 

?ooS, A ; / a, r n ' JoSeph ^ a n. a3SSS ; 115 hS ' 1 Hem ^ d6Z ' A = E < 

- U2n a r 0 rs 

zylamine fDuhamei, L, P.aqevant. C • J Org Che^ 1981 * '25^ ^ 8 ' ^ Mbenz V |id ^e„- 
E.; Pendergrass, E, J.Org.Chem. 1981 46 2191 1 Tvilfd J?" ^ ^.^^^^Phthylamine [Bergbreiter, D. 
spending co.oured anions'that ^t^Z^^^TT °«hium compound, the cons- 
[0009] Moreover, the fact that alkui ™r»l,« LkT. ? «^butyl alcohol or benzoic acid solution. 

- different Lew* bas'e LESSEES !" r ^T 9 ^ "^nds *m coloured complexes with 

for many applications, but an strict controTo^e pr^ ^S^^ < ^^^ d ^*^ -n ^ 
diene and/or monoa.kenyl aromatic hjdi^'^lTS^ am ° nlC P ° lymerization of V***W*d 
control of their composition and structural pTameSTslc^ ItT maCr0mo,ecular c ° m P™nds with a highx 
chemistry, branching and chain M^Z^TeZ^Z^t JT T™?^ microst ~. ^reo- 
vanables that affect the macromolecular properties InT^LlT ° mpoi ^ er 18 one of the most important 
mined by the reaction stoichiometryandth^c^ 

to impurities in the reaction medL STS^SSI it a0,U ^^ e ^ on P ro ^ ^^ysen^ e 
chains. That is the reason why one of the ma^n Ztl f ! ' n,t ' at0r COncentrati °" or the number of growing 
threshold, namely, the ^S^ZZ^S^?^ ^ Pr ° CeSSeS * the 80 Cal,ed ~£ 
step is effective. ' onsumed by .mpunt.es or poisons" able to react with it before the initiation 
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DETAILED DESCRIPTION OF THE INVENTION 



[001 2] A fiber-optic sensor is a device able to measure a physical parameter or to determine the concentration and/ 
or activity of a chemical species "in situ", continuously and in real time, through an optical fiber/using the variation of 

5 the optical properties of a reagent phase. This sensing phase is placed in the sensitive terminal (that could be the 
optical fiber with an optical indicator), whose optical properties vary on contacting a chemical stimulus. 
[0013] These optical sensors allow us to titrate organometallic compounds and to monitor the neutralization point of 
all the impurities that destroy the initiator used in the anionic polymerization of 1 ,3-conjugated dienes and/or monoalke- 
nyl aromatic* hydrocarbons or any other process that involves an organometallic compound being critical the stoichi- 

10 ometry of the same. The procedure implies a continuous, "in situ" and real-time measurement of the reaction threshold 
in contrast with the conventional method based on taking out and analyzing the sample that has some inherent limi- 
tations (slowness, discontinuity, manipulation required,...) 

[0014] It has been found that different combinations of indicator and support can be used to design sensors for the 
determination of organometallic compounds. 

is [0015] The sensitive terminal is the most important element in the construction of a so-called chemical sensor be- 
cause it contains the reactive phase or sensitive layer. This reactive phase can be located either at the distal end of 
the optical fiber or inserted into the cladding of the fiber core or in the evanescent wave region, replacing part of the 
fiber cladding. An improvement in the sensor sensitivity and/or selectivity can be achieved by confining the reactive 
phase using a membrane to separate it from the analyte phase or a permeable polymer as the indicator support or by 

20 covalent binding of the indicator dye to long chain polymers that improve the accessibility of the analyte. 

[0016] Therefore an object of the present invention is the provision of an optical sensor useful for the qualitative 
and/or quantitative determination of organometallic compounds, specially organometallic compounds whrein the metal 
is a metal of groups * 2 and 13 of the Periodic Table of the Elements, preferably for the determination of organolithium 
compounds 

25 [0017] Another object of the present invention is the provision of an optical sensor useful for the determination of the 
reaction threshold in the anionic polymerization of a 1 .3-conjugated diene and/or monoalkenyl aromatic hydrocarbon 
copolymer, name y the amount of initiator consumed by impurities or "poisons" able to react with it before the initiation 
step is effective or any other reaction that involves an organometallic compound being critical the stoichiometry of the 
same. 

30 [0018] The sensor fc the qualitative and/or quantitative determination of organometallic compounds according to 
the present invention comprises the following elements: 

a) an inorganic, organic or polymeric support insoluble in the sample to analyze; 

b) an indicator which reversibly reacts with the organometallic compound and whose reaction product gives a 
35 characteristic absorption, reflectance or emission band in the range 150-15000 nm, preferably 200-800 nm and 

which is physically entrapped, adsorbed, absorbed, dissolved or chemically bound in an electrostatic or covalent 
way to the support: and 

c) an optical sensor which measures the absorption, reflectance or emission of the functionalized support at the 
characteristic wavelength and transforms it in the concentration of the organometallic present in the solution. * 

40 

[0019] The optical indicator dye, whose absorbance, reflectance or emission will change in the presence of organo- 
metallic compounds, belongs preferably to heterocyclic aromatic compounds (for example 1 ,10-phenanthroline, 5-ami- 
no-1 ,10-phenanthroline, 5-nitro-1 ,10-phenanthroline, 4,7-dimethyl-1,10-phenanthroline, 4,7-diphenyM ,10-phenan-x 
throline, 5-hydroxy-1 ,10-phenanthroline, sodium 1 ,10iDhenanthroline-4,7-di(phenylsulphonate), 5-perfluorooctana- 
45 mide-1,10-phenanthroline : 4-vinyl-7-me^ 

droxybenzyl) phenyl]-2 ; 2-dimethylpropanamide, N-(2-benzylphenyl)perfluorooctanamide, N-[4-(2-(2,2-dimethylpro- 
panoylamine)benzyl)phenylj-perfluorooctanamide) or triarylmethane derivatives (for example 4,4'-(difluorophenyl) 
phenylmethane and triphenylmethane). 

[0020] The indicator supports can be of very different chemical composition but can be preferably classified by its 
50 inorganic (for example, silicagel, powdered porous glass, porous glass layer, poly(dimethylsiloxanes), silicic xerogels) 
or organic (for example, poly(tetrafluoroethylene), polyvinyl chloride), Nafion® membranes, styrenedivinylbenzene 
Copolymers) nature. 

[0021] The preferred immobilization procedures are adsorption for poly(tetrafluoroethylene) [Blair, T.L.; Cynkowski, 
T; Bachas, L.G.; Anal.Chem. 1993, 65, 945] and Nafion® [Garcia-Fresnadillo, D.; Marazuela, M.D.; Moreno-Bondi, 
55 M.C.; Orellana, G.; Langmuir, 1999, 15, 6451; Garcia-Fresnadillo, D.; Tesis Doctoral, Universidad Complutense de 
Madrid, Madrid, 1996] supports, embedment for polyvinyl chloride) membranes [Bakker, E.; Buhlmann, P.; Pretsch, 
E.;Chem.Rev. 1 997, 97, 3083; Seiler, K.; Simon, W. ; Anal.Chim. Acta, 1 992, 266, 73; Seiler, K.; in "Ion-Selective Optode 
Membranes"; Ruka Chemie A.G., Buchs, Suiza, 1 993 (Fluka N° 581 66); Morf, W.E.; Seiler, K.; Lehman, B.; Behringer, 
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EXAMPLES 

EXPERIMENTAL METHOD 

s [0030] All the tests which are described in the present invention were carried out in a polymerization reactor with a 
capacity of 1 or 20 liters, provided with conditioning systems for nitrogen, venting and thermostating. Although it is 
possible to work in a continuous or semicontinuous mode, in this case a batch operation was used, i.e. a discontinuous 
mode. Raw materials were purified using the methods described in the state of the art (for example distillation, drying, 
etc.). 

10 

Example 1 

[0031] This example corresponds to the determination of n-butyllithium using a fiber-optic sensor according to the 
object of the invention. 
15 [0032] The fiber-optic sensor is composed by the following elements: 

lndicator:N-[2-(4-hydroxybenzyl)pheny!]-2,2-dimethylpropanamide (HBPD). This indicator dye is prepared: firstly 
according to the general procedure of aromatic amines o-functionalization described by Fuhrer and Gschwend 
[Fuhrer, W.; Gschwend, H.W.; J.Org.Chem. 1 979, 44, 11 33; Gschwend, H .W.; Rodriguez, H.R.; Org. React. 1979, 
20 Vol.26], secondly, the nitrocompound is reduced with hydrazine monohydrate using the method described by 

Nasielski-Hinkens et al. [Nasielski-Hinkens, R.; Benedeck-Vamos, M.; Maetens, D.; J.Heterocycl. Chem . 1980, 
17. 873]; finally, the diazonium salt is prepared using sodium nitrite and sulphuric acid and then is neutralized with 
sulphuric acid in water, obtaining the phenol. 

• Support: Silica get 

*s • Immobilization procedure: Covalent. The method followed to functionalize silicagel supports is based on the matrix 
surface chemical modification with amine-Si or amine-Sn groups [Yam, CM.; Kakkar, A.K.; J. Chem. Soc, Chem. 
Commun. 1995, 907] [Fessenden, R.; Fessenden, J. S.; Chem. Rev. 1961, 61, 361] [Jones, K.; Lappert, M. F.; in 
"Organotin Compounds", Vol.2, Ed. A K. Sawyer, Marcell Dekker, Inc., New York, 1 977; p. 150]. These groups will 
let us bind the different cromophores to the support with an stable, for example in anionic polymerization conditions , 

30 ether bond. 

• Measurement principle: Reflectance 

[0033] Once the sensitive terminal is prepared, by placing it at the distal end of a fiber-optic, it was introduced into 
the sample solution or reaction medium. The method consists in the addition of different aliquots of n-butyllithium (i.e. 
3$ 1 .6 M in cyclohexane solution) into a closed and nitrogen inertized reaction vessel with the sample to titrate, up to the 
detection of chromophore species, monitored by an spectrophotometer connected to the fiber-optic. 
[0034] Figure 1 shows the variation of the Kubelka-Munk reflectance function, F(R), of the HBPD immobilized on 
silica gel. as a function of the final n-butyllithium concentration added. 

[0035] As it is shown in figure 1 , there is not reflectance observed if no n-butyllithium is added ( — 0 M n-BuLi, refer- 
-to ence baseline). Subsequently, the presence of species existing in the reaction medium that can kill the n-butillithium 
does not allow the appearance of any reflectance in the spectra up to a concentration of 1 .58x1 0 2 M of added n- 
butyllithium ( — 1 ,58e-2 M n-BuLi) with the appearance of a maximum F(R) at 370 nm . This maximum value is asso- 
ciated to full reaction of the immobilized indicator (HBPD) with the active n-butyllithium, that remains after the stoichi-x 
ometnc neutralization of all the poisons. 
45 [0036] This could be the control starting point from which ail the n-butyllithium added would act as active initiator of 
anionic polymerization or other reaction that involves this kind of compounds. 

[0037] Figure 1 also shows that after addition of a known ammount of n-butanol ( 5,3e-2 M n-BuOH, in figure 1) 

the complex is destroyed, reflectance of initial base line is recovered and the sensitive terminal can be used again. 
[0038] According to the procedure described above, the determination of the concentration of an unknown solution 
50 of n-butyl-lithium can be performed by introducing a known amount ("A" mol) of an alcohol (e.g. n-butyl alcohol) as a 
proton donor into the inertized solvent where the optical sensor is placed. In this moment, the unknown n-butyl-lithium 
solution is added up to the point where the established criterion value of reflectance at 370 nm is achieved. The amount 
of n-butyllithium added ( n C M milliliters of n-butyllithium solution) is equivalent to the known amount of n-butyl alcohol in 
mol. Therefore, the concentration of n-butyllithium in mol/l is calculated as: 

55 

Concentration of the n-butyllitium solution (mol/l) = (A x 64000) / C 
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SSor JSSE COrreSP ° ndS 10 de,erminati ° n * ***«^ a f^r-optic sensor according to the 
[0040] The fiber-optic sensor is composed by the following elements: 

• Indicator: Triphenylmethane (TPM) 

• Support: Highly crosslinked styrene-divinyl benzene copolymer (AmberliteS) yah 9, 
-d^Ta^ copolymer is based on 
[Neckers, D.C, Kooistra, D.A.; gZgwT^ITT^^ *" A ' C ' 3 Comp,ex in nitrobenzene 
"Solid-Supported Combinatorial a^P^ei^ZSsTs^u T' f 4 '^ D ' ; Vi,la, 9 0rdo - J - ^ 
rahedron Organic Chemistry Series" VoT 1 7 TJ™L t We ' 9ht Com P° und s Libraries" in Tefl 
Kraus, M. A ; Patchornik, A^aTc^S c SZH£ JsTo Co^VTk PP ' ^ C ° h6n ' * ^ 
Chem. Soc. 1977, 99, 4165] ' ' ' Cohen ' B ' X; Kraus - MA; Patchomik, A.; J. Am. 

• Measurement principle: Reflectance 

g. 1 .6 M in cyclohexane solution) into a clsed aTd nitro^n ' headd,t '°" °< Cerent aliquots of n-butyllithium (e. 
the detection of chromophore J^^S^^SSSS^ ^ "" h the Samp,e t0 titrate ' * * 

[0042] Figure 2 shows the re S Don^,ri!h ■ ^ 

does not allow the appearance of any raZnSfS™ the / eact, ° n ™dium that can kill the n-buti.lithium 
butyllithium (- 2 .75e-2 M n-BuLi), M^SZ^S^^J T™™™ * 2M * M ° f adde < * 
n-butyl.ithium and the sensitive terminal Zlda^XlZT 1 Chr0mo P hore formed by reaction of active 
served at 450 nm is taken as the i^^STJ^^T^ "T^*™- The ref, ^nce value ob- 

t Xtis^7r once ^ 

2o|p-l- 

^^Z^^^SX^ - Pr ° Pan01 ( <~ M ""PrOH, in figure 2) 

[0046] According to "he proc^e^ted a b^e * e ?* ^ teminal can be again 

of n-butyl-lithium can be PeriomJbyT^ of an unknown solution 

aprotondonor into the inertized solvent where the %^^^^TJ W ^ ^ 68 
solution is added up to the point where the estahikhS ? P ,h,S moment ' the unknown n-butyl-lithium 

of butyllithium added r-c- mi i, ;r; ::^ 

is achieved. The amount 

ta n»,. w„„, , he L^JZSSZES* is*-? - — — - 

Concentration of ih. rabutyMium solution (rao«) , (A x 64000) ; c 

Example 3 

reactor. " 01,19 t0 the of tne ,n venho " before the monomer and initiator addition to the 

[0048] The fiber-optic sensor consists of the following elements: 

' Su? D a o Tr SOdiUm 1 .' 1 , 0 - phenan,hroline -4.7-di(phenayl S ulphonate) (S2D) 

Suppomcommerc-any available porous glass (P G) with differ J ^ size containing ,-aminopropy, groups on 

J.; Chem. Rev. 1977. 77, 69- EffememeJ K Hu t'h n ^ ? ' ^ 7458; H ° We " S - R D -= McC °™. * 
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silver trifluoromethanesulphonate. In a second step, the reaction between the amino groups present in the porous 
glass and the anhydride yields the sulphonamide. 

• Measurement principle: Reflectance 

5 [0049] Once the sensitive terminal is prepared, by placing it at the distal end of a fiber-optic, it was introduced into 
the reaction medium. In the first step, 800 ml of cyclohexane are added to the reactor (1 liter capacity) and then it is 
thermostated at 40 °C under stirring. Once the target temperature is reached, the reflectance spectrum of cyclohexane 
is collected as a reference. Subsequently, different aliquots of a cyclohexane solution of n-butyllithium (3% by weight) 
are added and, at the same time, the reflectance spectra of the different coloured species formed by the indicator 

10 (optical sensor) and n-butyllithium are collected in order to determine the reaction threshold. 

[0050] Once the reaction threshold is determined, a cyclohexane solution of stryrene is added and then n-butyllithium 
in stoichiometric amount required to initiate the styrene polymerization and obtaining the target molecular weight. The 
reaction is allowed to proceed adiabatically, with a slight increase in temperature. Confirmed the absence of styrene, 
the living polymer chains are terminated with a proton donor such as an alcohol. 

15 [0051] In figure 3, we can see the variation of the reflectance of the sensitive terminal based on S2D/PG during the 
threshold determination and during the first stage of styrene polymerization ([Styrene] 0 = 0765 M) in cyclohexane, 
Initiated by n-butyllithium. The first decrease at R6oonm( % ) ( rt is possible also to use other wavelengths, i.e. R 70 o n m and 
R 450nm) is associated with the neutralization of all impurities existing in the reactor (in this case, figure 3, aproximately 
at 7minutes of experiment record). The second step in the basal reflectance of the sensitive terminal (in this case, 

20 figure 3, above 15 minutes. of experiment record) is associated with the addition of the monomer and n-butyllithium 
that will initiate the polymerization in the required amount to reach the molecular weight target. 
[0052] Then, the peak molecular weight and the molecular weight distribution was determined by gel permeation 
chromatography based on a calibration curve of polystyrene standards, obtaining a polydispersity ratio Mw/Mn of 1 .07, 
molecular weight peak 48000 (target 50000), showing a good fit of molecular weight after determination of the reaction 

25 threshold using this optical sensor. 

Example 4 

[0053] This example corresponds to a medium molecular weight styrene homopolymerization with the previous re- 
30 action threshold determination and repeteability study using an optical fiber sensor in the presence of monomer ac- 
cording to the object of the invention. 

[0054] The active optic fiber sensor is composed by the following elements: 

• Indicator. 1 ,10-phenanthroline (PHEN) 

35 • Support: Plasticized polyvinyl chloride) membranes (PVC). 

• Immobilization procedure: Embedding (physically entrapped). The membrane [Seiler, K.; "Ion-Selective Optode 
Membranes"; Fluka Chemie A.G., Buchs, Suiza, 1993 (Fluka Pub. No. 58166)] contains 1 ,10-phenanthroline as 
ligand and n-butyllithium titration reagent, a plasticizer [Eugster, K.; Rosatzin, T; Rusterholz, B.; Aebersold, B.; 
Pedrazza, V.; Ruegg, D.; Schmid, A.; Spichiger, U.; Simon, W.; Anal. Chim. Acta. 1 994, 289, 1 ; Okada, T; Sugihara, 

40 H.; Hiratani, K.; Analyst, 1 995, 120, 2381] (bis-(2-ethylhexyl) sebacate (DOS)) and an anionic additive (potassium 

tetrakis-(4-chlorophenyl)borate (KTCPB)). All the chemicals are well dissolved in tetrahydrofurane and placed in 
a Petri plate. Once the solvent is eliminated at room temperature, a 1 00 u.m thick membrane is obtained. 

• Measurement principle: Absorbance 

45 [0055] The sensitive terminal is prepared by placing the membrane sensor, obtained according above procedure, at 
the distal end of a fiber optic. 

[0056] The experiments are performed in a 20 liter capacity reactor provided with an external recirculation loop with 
a heat-exchanger. The sensitive terminal is located in the external loop in order to make the threshold determination 
at the optimum measurement temperature. This is the way to keep the reactor at 60 °C (polymerization temperature) 

50 and the sensor in the external loop at 30 °C. 

[0057] In the first step, 9.5 liter of cyclohexane and 5.1 liter of a cyclohexane solution of styrene (25% by weight) are 
added to the reactor and then it is thermostated to 60 °C under stirring, while the external loop temperature is kept at 
30 °C. Once the temperature is reached, the absorption spectrum of cyclohexane and styrene is recorded as a refer- 
ence. Subsequently, different aliquots of a cyclohexane solution of n-butyllithium (3% by weight) are added and, at the 

55 same time, are continuosly collected absorption data at 350 nm (similar results are obtained at other wavelengths, e. 
g. 400 nm, 470 nm and 520 nm) in order to determine the reaction threshold (see figure 4). 

[0058] Once the reaction threshold is determined, what is shown by sharp slope change in absorbance data at any 
of the wavelengths indicated above (in this case at about 7 minutes of experiment record, see figure 4), a cyclohexane 
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increase in temperature. ConfiSned tte^ete Th?? "'T 6 ' '° C ° ntinUe adiabati <*"y. "» * slight 

donorsuchasanalcoholandcoTeauent^ * ' , ' V ' n9 P °' ymer chains are terminated with a proton 
«nce of the reactive spedi rnd ^ 

cases at about 55 minutes of experiment ^coS " " sensitive '^ina! (see figure 4, in this 

=^ 

target molecular weight Nevertheless t^Tn *1 ' , * Pr ° dUCe 8 relative standard deviation of 35% over 
above, modular weight obtaS SS^^S^ll^ ^t" ^ m * 0d ^ deSCribed 
unimodal and the variability of the molecular wetaht o^hl 1? ! ^ weight distributions are, in all cases, 
than 7%, in contrast with the hig er ^ITotS t s^L S - P SM * DeviaUon > is lower 
was used. ™ 35 /o f ° r Styrene P^menzation in case of no control of reaction threshold 



Example 5 
[0061] 



the object of the invention . ' 9 ° PI ' C " Der SenSor in P resence ° f «"> monomer according to 

[0062] The fiber-optic sensor is composed by the following elements: 

• Indicator: 1 ,10-phenanthroline (PHEN) 

• Support: Polyvinyl chloride membranes (PVC) 

• Immobilization procedure: Embedding (physically entrapped) 

• Measurement principle: Absorbance 

provided w,th a externa' redr^^ 

loop ,n order to make the threshold detection aUhe ooS I * '° Cated int0 the extemal 

Ldcir^ 

30 »C. Once the temperature is ^rnS^t!^^^^ ** '°° P ,em P erature * kept at 

ence Subsequently different aliauote of a ^h! V f c y clonexane «* styrene is recorded as a refer- 
san^me.aLonLS^ 

SsroiT h and52onm)inordertodete ^ 
Sa^:;;r~^^ 

solu,ion of n-butyllithium 3% (by weKTsTdded S 

to obtain a target molecular t h ^T™™ ° f h st ™hiometric ammount 

slightincreaseintemperaturexon, £££^2^^ ' S * C ° nt ' nUe adiabati *% with * 

donor sucn as an alcohol and consZenth th* £1* * i ' ' V ' n9 P °' ymer Ch8ins are terminated with a proton 

S*^^^^ ^e d«ed by ge , permeation 

ipoisLTn^Z^^ 

overtargot molecular weight. Nevertheless Zuoh th e «l, , , P ' ° 6 9 r6 ' atiVe Standard deviation ° f 12 °% 
above, molecular weight obtained slowed a good ^StT'T T ^ mi ^ methodology described 
unimodal and the variability of the moleculaJw^nht o^hl ^ ! ? ^ W8 ' 9ht distributio ' 1 s are, in all cases, 
than 7%, in contrast with the ^Z^TlZTZTlTT Standard Deviati0(1 > is ^e 

was used. 9 120 /o f ° r S,yrene P^menzation in case of no control of reaction threshold 
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Claims 



I . Sensor for the qualitative and/or quantitative determination of organometallic compounds comprising the following 
elements: 

5 

a. an inorganic, organic or polymeric support, insoluble in the sample to analyze; 

b. an indicator which reversibly reacts with the organometallic compound and whose reaction product gives 
a characteristic absorption, reflectance or emission band in the range 150-15000 nm and which is physically 
trapped, adsorbed, absorbed, dissolved or chemically linked in an electrostatic or covalent way to the support, 

10 and 

c. an optical sensor which measures the absorption, reflectance or emission of the functionalized support at 
the characteristic wavelength and transforms it in the concentration of the organometallic compound present 
in the solution. 

is 2. Sensor according to claim 1 , wherein the indicator is selected from the group consisting of 1 ,10-phenanthroline, 
5-amino-1 ,10-phenanthroline, 5-nitro-1,1 0-phenanthroline, 4,7-dimethyl-1,10-phenanthrbline, 4,7-diphenyl-. 
1,10-phenanthroline, 5-hydroxy-1 ,10-phenanthroline, sodium 1 ,10-phenanthroline-4,7-di(phenytsulphonate), 
5-perfluorooctanamide-1 ,1 0-phenanthroline, 4-vinyl-7-methyl-1 ,1 0-phenanthroline, N-(2-methyl)-2,2-dimethyl- 
propanamide, N-[2-(4-hydroxybenzyl)phenyl]-2,2-dimethylpropanamide, N-(2-benzylphenyl)perfluorooctana- 

20 rnide, N-[4-(2-(2,2-dimethylpropanoylamine)benzyl)phenyl]perfluorooctanamide J 4,4'-(difluorophenyl)phenylme- 

thyl methane and triphenylmethane. 

3. Sensor according to claim 1 or 2 wherein the support is selected from silicagel, powdered porous glass, porous 
glass layer, polydimethylsiloxanes, silicic xerogels, polytetrafluoroethylene, polyvinyl chloride, Nation® mem- 

25 branes and styrene-divinyl benzene copolymers. 

4. Sensor according to claims 1 to 3, wherein the metal of the organometallic compound is a metal of group 1 , 2 or 
13 of the Periodic Table of the Elements. 

30 5. Sensor according to claim 4, wherein the metal is lithium 

6. Sensor according to claims 1-5, wherein the characteristic band of the indicator is in the range between 200 and 
800 nm. 

35 7. Sensor according to claim 1, wherein the indicator is 1 ,10-phenanthroline or a derivative thereof, the support is 
poly(vinychloride) (PVC) and the indicator is immobilized on the support by physical entrapment. 

8. Sensor according to claim 1 , for the determination of the neutralization point of all the impurities that destroy the 
organolithium initiator in anionic polymerization processes or any other chemical reaction that involves an orga- 

40 nolithium compound in an organic medium. 

9. Method for the determination of the concentration of organometallic compounds characterized by the on-line use 
of a sensor according to any claims 1 to 8. <* 

^5 io. Method according to claim 9, wherein the sensor is located in a thermostated loop, maintained in constant circu- 
lation with the reactor. 

II. Method according to claim 9, wherein the measurement is made directly in the reaction medium. 

so 12. Method according to claim 9, for the determination of the neutralization point of all the existing impurities that can 
destroy the organometallic compound. 

1 3. Method according to claim 9 , for the determination of organometallic compounds in industrial and laboratory chem- 
ical synthesis. 

55 
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